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Abstract 


Resource planning and policy must consider impacts on the quality of our 
environment. Economic theory offers both a basis for environmental policy 
-- the allocation of resources based upon individuals’ willingness to pay -- 
and instruments for achieving policy goals, for example emissions taxes and 
pollution trading systems. This paper points out some of the shortcomings 
of an economic-based approach, particularly when used as the basis for 
environmental policy. 


Economic approaches to valuing environmental damages treat the 
environment as a commodity and people as consumers with preferences 
regarding the disposal of their incomes. Policies based on these 
approaches will fail to recognize: 1) the fundamental importance of 
ecological systems supporting current and future life on the planet, and 2) 
the vital role of individuals acting as citizens shaping the values and goals 
of their society. Environmental sustainability, and the related issues of 
intergenerational and social equity, are important policy objectives that 
should not be subsumed within notions of economic efficiency. 


As instruments for implementing environmental policy, economic 
mechanisms such as prices and markets offer some promise for helping to 
achieve environmental goals. Even here, however, other approaches such 
as "command and control" regulation, prohibition of specific pollutants, 
explicit protection of certain environments via restrictions of certain 
habitats or ecosystems, programmatic initiatives, and the development of 
new institutions, have important roles to play. 


We call for a shift from a purely economic paradigm to one in which 
sustainability is emphasized. Over the longer term, new approaches that go 
beyond the marginalism of conventional economics, to reflect the complex 
interactions between economic and ecological processes, and to distinguish 
between the domains of individual preferences and societal values, will 
need to be developed. However, in the current environment and for the 
foreseeable future, methodological pluralism is appropriate; economists, 
scientists, and social theorists will each have much to offer. 
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Introduction 


In the evolution of resource planning methods and their application, we see 
a belated but quite welcome trend toward recognizing environmental 
impacts that are outside direct market costs. This may be thought of as the 
"internalization of environmental externalities"; that is, bringing these 
external societal costs into the economic decisionmaking process. While we 
applaud (and actively participate in) attempts to recognize environmental 
externalities in resource planning, we note that this approach has practical 
and theoretical shortcomings. 


As a practical matter, the internalization of environmental externalities is 
often problematic owing to information gaps, uncertainties, ecological 
complexities, disagreements over the value of nonmarket "goods," political 
considerations, and jurisdictional boundaries. On a theoretical level, it 
must be recognized that purely economic approaches to environmental 
problems may not adequately protect the environment, even if 
implemented perfectly, because some "costs" can never be accurately 
monetized. This failure becomes particularly acute when dealing with 
potentially irreversible changes to ecological systems beyond thresholds that 
may be uncertain. Over long time periods, basing decisions on economic 
efficiency alone is inadequate to ensure ecological sustainability, even if the 
concept of efficiency is expanded to include environmental externalities. 


A sustainability target or safe minimum standard approach is required if 
environmental, ecological and intergenerational equity goals are to be 
realized. Economic methods have a role within such an approach, to 
ensure that society’s goals are realized efficiently. Economic methods alone 
cannot, however, determine those goals. The central theme of this paper is 
this shift from the economic paradigm to the sustainability paradigm as the 
policy basis for taking account of environmental impacts, particularly those 
that can have severe, long-term, and irreversible consequences. 


Environmental impacts are ascribed monetary values within the economic 
paradigm and are incorporated into economic analyses and policies on that 
basis; environmental conditions are set as societal goals within the 
sustainability paradigm, and the pursuit of economic efficiency is 
incorporated into an environmental analyses. 


Notwithstanding the limitations of the externalities monetization approach, 
we do not believe that planners and decisionmakers should reject attempts 
to monetize damage costs and incorporate externalities into economic 

models and policy frameworks. However, there needs to be a shift toward 
using sustainability targets or safe minimum standards wherever possible as 
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the policy basis. To be sure, a variety of market-oriented approaches -- 
including targets with tradable permits, taxes, and other monetary 
techniques -- as well as selected requirements and restrictions -- could be 
used as policy instruments. But the instrument itself should also be selected 
to best embody sustainability policy and goals, while contributing to 
economic efficiency in meeting those goals. 


In this paper, we briefly review the basis for externalities in conventional 
economic theory, identify the techniques used to establish appropriate 
monetary values or equivalent methods to internalize externalities, discuss 
the limitations of these approaches within the economic paradigm, explore 
an alternative paradigm based on intergenerational equity and 
sustainability, and examine the distinction between the policy bases and 
policy instruments. 


The Economic Paradigm 
Environmental Impacts and Externalities 


The development and use of energy resources have a variety of impacts on 
society, some of which are included in the actual price for energy. Other 
impacts, however, are not fully embodied in the prices of energy products, 
and by extension, are not included in the price of goods or services that use 
energy (virtually everything in a modern society). Most notable among 
these are damages to the environment and human health that result from 
construction of energy facilities, extraction, processing, transport, and 
combustion of fuels, and disposal of wastes. For example, fossil fuel plants 
emit CO,, SO,, particulates, toxics, and NO,, hydroelectric facilities can 
harm watershed ecosystems; and nuclear power plants produce highly 
radioactive wastes. 


Pollution from energy production and consumption can have significant, 
often severe, and sometimes irreversible, impacts on air, water, soils, biota, 
habitats and human health. Such impacts occur on local, regional, and 
global scales, and are often quite complex and difficult to predict. The 
release of pollutants and the use of local resources by energy related 
activities can directly affect human health and amenity and the integrity of 
natural systems in the immediate vicinity of the facilities, thereby raising 
important siting issues. 


Some of these impacts are reflected (or "internalized") in direct costs to the 
extent that regulations and engineering practice respond, however 
belatedly, to scientific research and public concern and policy. However, 
the impact from residual, uncontrolled pollution remains as the deleterious 
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side effect of satisfying society’s identified energy needs. Taking account 
of these impacts in energy policy, planning, and operation could alter the 
amount and mix of resources used to meet our energy demands, with 
positive effects for the environment and public health, and for long-term 
ecological and economic sustainability. 


Expressed in economic terms and assigned monetary values, those impacts 
that are not already reflected in costs and prices at the appropriate level 
are called externalities. Economic theory tells us that if only direct monetary 
costs are taken into account in decisionmaking, then the existence of 
externalities among competing resources may result in resource allocation 
that is "inefficient" from a societal perspective. If we don’t count the 
externalities, then we will "produce" too many of them. The result is that 
the "wrong" types of resources will be pursued, as evaluated from a 
standpoint that considers environmental preservation, human health, and 
longterm sustainability, along with traditional monetary costs and benefits. 


In order to improve resource decisions generally, and energy decisions in 
particular, economists and environmentalists have argued that these 
external costs should be "internalized" in decisions affecting resource 
planning, development, and use. In this way, more appropriate price 
signals would be established, thereby leading to the satisfaction of resource 
needs at the lowest overall cost to society. 


Internalizing Environmental Externalities: A Microeconomic Perspective 


In explaining how prices are determined, Alfred Marshall constructed the 
"supply-demand cross" graph, as illustrated here in figure 1 (see Marshall’s 
Principles of Economics, 1890). This simple picture embodies several 
fundamental microeconomic concepts. The "supply curve" represents the 
marginal cost of production as a function of output; the "demand curve" 
represents the relationship between the price of the product and the 
amount of it that consumers will purchase. Given an idealized market 
(perfect competition, perfect information, no transaction costs, etc.) and 
profit maximizing behavior, the "optimal" amount of production, q*, will be 
produced and sold at a market price of p*. 
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Figure 1 
’ Marshallian Supply-Demand Cross 


Marginal! Cost of 
Production 


(“Supply’) 


Market 
Demand 


q* Output 


In recent thinking about pollution reduction policies, the Marshallian 
supply-demand cross has been employed in a modified form, with pollution 
reduction plotted on the horizontal axis as a commodity for which there are 
supply and demand curves. The supply curve for pollution reduction is the 
marginal cost of abatement or control options arranged in order of 
increasing cost. The demand curve for pollution reduction is the "marginal 
damage cost" resulting from varying levels of pollution. These are 
illustrated in figure 2. 
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Figure 2 
Economic "Textbook" Approach 
to Pollution Reduction 
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Within this idealized framework, the "optimal" amount of pollution 
reduction, g*, is determined as the point on the horizontal axis where the 
supply and demand curves cross. The standard textbook policy instrument 
in this situation is to implement a Pigouvian tax set at p*. The market 
would then produce q* of pollution, and the externality could be declared 
internalized. 


Other policy instruments are also available for the internalization of the 
externality, including "command and control" regulation embodied in 
technology and facility-specific requirements. Setting an aggregate cap on 
emissions (at q*) with a permit trading system would have many of the 
economic efficiency advantages that would be attained with a tax (at p*). 
Here, the point is not the mechanism used to address the pollution, but 
rather, that within this economic approach, the policy is based on a notion 
of marginal costs and marginal benefits, and is aimed to hit the target point 
at the intersection of these curves. 


There are many simplifications and assumptions embodied in this 
framework. For example, the graph considers just one pollutant whereas 
pollutants are usually both emitted and controlled in combination with 
others in production processes. Another factor is the scope of the 
regulation; when the regulation applies only to one jurisdiction then the 
regulation itself can have "external effects" upon other sectors of the 
economy and other geographic regions. Also, the construction of a single, 
monotonically increasing curve to represent the marginal cost of abatement 
is an oversimplification, given uncertainties about the availability, costs and 
effectiveness of pollution control options, and the pace and character of 
technological innovation. Technological change is a dynamic phenomenon 
that goes beyond the static representations of such pollution reduction 
supply curves. Markets for pollution reduction are generally "imperfect" 
owing to lack of information, high transaction costs, and lack of 
competitive forces. Indeed, for many pollutants, markets are nonexistent. 


Markets, however imperfect, can be created through political and 
regulatory processes. The construction of the marginal damage cost curve 
is a different sort of problem. It may be impossible as a practical matter in 
many cases to develop this curve adequately, given the inherent 
complexities in the ecological processes and the controversies surrounding 
monetary valuation. The shape of idealized marginal damage curve may 
be reasonable for certain damages for small and continuous changes, but 
severely simplified in many other instances. Indeed, it may be 
inappropriate as a theoretical and political matter for some environmental 
impacts. Some have argued that, owing to these uncertainties, recognition 
of external environmental impacts in planning protocols must await the 
arrival of accurate and reliable marginal damage functions. But this is the 
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functional equivalent of saying that these environmental impacts should be 
ignored by planners for the next few decades. Such an approach implies 
that simply because we have not yet precisely quantified the damage, we 
should assume that it does not exist. 


Valuation of Environmental Resources 


If the theory described above is to be put into practice, then marginal 
damage curves (or at least some points on the marginal damage curves) 
must be estimated. Various techniques are used to determine the marginal 
damage cost curve. 


Some of these damages are themselves market goods, for example, cattle, 
fish, or commercial crops affected by industrial or urban pollution. The 
market value of these damages can be estimated directly by assessing lost 
revenues or remediation costs, although the estimation of the physical 
impacts, and the potential responses of economic activity and technological 
developments to those impacts, can be quite complex. 


Typically, many of the damage costs are associated with nonmarket 
resources, such as natural ecosystems, human health, and amenity. For 
these, indirect valuation techniques are available. These techniques involve 
either: 1) the examination of behavioral responses that are or might be 
influenced by an externality (e.g., hedonic pricing); 2) the assumption or 
creation of a fictitious market in order to elicit the value that individuals 
might assign to an externality (contingent valuation); or 3) an analysis of 
the implicit value placed on pollution abatement by society through the 
actions of its regulatory agencies (e.g., regulators’ revealed preferences). 


Contingent valuation is a survey technique for estimating a value for 
environmental "goods" (i.e, different levels of environmental condition that 
might be affected by resource use) as if they were commodities in the 
marketplace. Quite simply, it asks people what they are willing to pay to 
secure a benefit (avoided environmental damage), and/or what they are 
willing to receive by way of compensation to tolerate a cost (incurred 
environmental damage) (OECD 1989). Through the use of interviews and 
surveys, contingent valuation tries to ascertain personal valuation for 
increases or decreases in the quantity of a particular good, contingent upon 
a hypothetical market. This approach can include not only identified 
physical damages caused by pollutant emissions for example, but a value 
for the risk imposed on society for the unknown potential environmental 
impacts of those resources. 


Hedonic pricing is an alternative approach that examines market behaviors 
for the environmental resource in question. Economic or policy decisions 
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that involve an environmental good and result in market decisions can be 
used to infer a value for that good. 


Hedonic pricing rests on the assumption that nonmarket characteristics 
have values that are reflected in a good’s market price. For example, 
property values may reflect the environmental condition of the land and its 
location. Given two properties with similar characteristics except for 
environmental surroundings, one might infer that the difference in the 
market value of the properties is attributable to the willingness to pay for 
the difference in environmental surroundings. Using this technique, 
economists have estimated environmental and social externalities using 
property values, wages, and travel costs. 


The regulators’ revealed preferences approach is an empirical means of 
establishing willingness to pay, without directly engaging in the complex 
task of identifying and estimating all of the various physical environmental 
damages and "polling" all of the affected parties. The approach identifies 
specific instances in which control measures have been required, in order 
to determine the cost that society, as represented by its regulators, is 
willing to pay to reduce emissions, thereby avoiding environmental 
damages. By requiring specific end-of-pipe equipment or other 
requirements on emissions, regulators imply a willingness to pay up to the 
associated cost per unit of pollution (or damage) avoided, even though 
there may exist opportunities for pollution reduction at lower costs. While 
contingent valuation polls individuals regarding their willingness to pay in 
hypothetical decisions, regulators revealed preference examines the actual 
decisions to taken by those responsible for environmental protection. 
Utility regulators in several States have required that externalities values 
developed by this method be applied in energy planning. 


Each of these techniques has practical and/or inherent limitations that 
could limit, albeit not necessarily entirely obviate, its usefulness. 
Contingent valuation is subject to many sources of bias, since the "accuracy' 
of the responses depends greatly on the technique used to elicit them 
(OECD, 1989). For example, there is a strategic bias: Since 
environmental quality is a public good (i.e., once it is provided, people 
cannot be excluded from consumption), people have an incentive to 
understate their preference (if they had to pay), counting on the fact that 
other people will provide for the supply of the good. This is the free-rider 
problem. Then there are several sources of bias stemming from the fact 
that individuals sometimes appear to respond to the starting value that is 
quoted to them (source for the "starting point bias"). 


Also, the question is whether the hypothetical markets correspond well 
enough to real markets. The survey, questioner, and respondent must all 
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be as close as possible to a real market situation to avoid operational bias. 
This means the respondent must be knowledgeable about the good in 
question and aware of the hypothetical means of payment. Experts on 
contingent valuation have cautioned against the belief that contingent 
valuation is a sufficiently proven methodology upon which policy decisions 
can be made (Mitchell and Carson, 1987). The possibility for distorted 
results from inexperienced researchers is of major concern; such results 
could mislead policymakers and discredit contingent valuation before the 
methodology has matured. 


Hedonic pricing requires considerable data and accurate use of statistical 
techniques, but even then it may be difficult to extract a value for a specific 
externality, given the myriad variables involved in market decisions. An 
important limitation here is the likelihood, in many instances, that the 
requisite information on environmental risk is not available or apparent to 
those engaged in the transactions. 


The regulators’ revealed preference approach has also been criticized. 
Those who believe that there is an independent and better way of 
reckoning the value of the damages avoided by the regulation, have argued 
that what is revealed in regulatory decisions can be an inaccurate 
representation of the "true" damage value. It could be either too high or 
too low, depending upon whether regulators are thought to have under- or 
overcontrolled relative to the optimal level. Thus, they argue, based on a 
conviction that an acceptable and superior method of valuation exists 
independent of the regulators, that using a regulators’ revealed preferences 
value as the basis for further regulation is circular and inappropriate. 


In addition to these difficulties, there are other challenges that may render 
the idealized marginal damage cost curve unattainable in practice, if not in 
principle. Estimating the direct physical impacts or damages of 
environmental loadings (air emissions, water emissions, etc.) can be a large 
and exceedingly complex task, fraught with uncertainty. These impacts 
depend on the emissions loadings into various media (air, water, soils); the 
transport of pollutants through those media, based on the physical 
characteristics of the emissions (e.g., velocity) and climatological (wind 
speed/direction) and topographical conditions; the exposure of receptor 
area or populations; and the dose-response relationship of those 
populations. 


Beyond the immediate environmental impacts of energy production and 
use, there can be a series of subsequent nonphysical (e.g., socioeconomic) 
as well as physical impacts that ensue in both the near and the long term. 
The local, regional, and global consequences of air emissions, for example, 
depend upon atmospheric, biological, chemical, geophysical, ecological, and 
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physiological relationships across time, space, and socioeconomic and 
cultural conditions. These various pathways involve feedbacks and 
interactions with one another, over differing time scales, with both 
reversible and irreversible consequences. In modeling such relationships, 
elements of scientific uncertainty, availability of accurate data, the 
ecological response to perturbation, including nonlinearities, threshholds, 
cumulative impacts, and feedback effects, among other factors, must be 
taken into account.’ 


A National Research Council report addressed the major sources of 
uncertainty in our understanding of ecosystem response to stress and 
identified each as either rectifiable or inherent. For rectifiable sources of 
uncertainty, "it is possible to plan research that could considerably reduce 
the uncertainty." For inherent sources, "it is difficult even to conceive of a 
research program that could significantly reduce the associated 
uncertainties" (NRC, 1980). The inherent sources are reproduced here as 
table 1.2 A useful recent discussion of types of uncertainty in physical 
modeling of complex and poorly understood systems can be found in 
Shllyakhter and Kamman (1992). 


For example: “There are strong links between the issues of greenhouse gas induced climatic change, stratospheric ozone 
depletion, ground level oxidant generation, forest and watershed degradation by acid rain and regional 
air pollution, and eutrophication of coastal and inland waters". The Full Range of Responses to 
Anticipated Climate Change. (United Nations Environment Programme and Beijer Institute, 1989, p. xii.) 


The list of "rectifiable sources of uncertainty" for which "research is imaginable that could reduce the uncertainty to a 


considerable extent" is much longer and is not reproduced here. 
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Table 1 
Inherent Sources of Uncertainty 
in Predicting the Response of Ecosystems to Stress 
1. Lack of data on, and understanding of, effects of long- 
term, low-level effluents on ecosystems. 
2. Difficulty in performing controlled, replicable 
experiments that provide in situ information about 


ecosystems. 


3, Lack of models allowing the use of measurable data to 
predict detailed ecological responses to stress. 


From Table 1-1 (NRC 1980, page 5) 
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Of course, "difficult" to conceive is not impossible to conceive, and the 
progress of both theoretical and empirical research is surely helping to 
advance both conception and execution of research relevant to all 
approaches to the valuation of environmental resources or the setting of 
environmental goals. Indeed, the prospect of an "ecological economics," or 
an economic (and institutional) basis for sustainable development, is a 
worthy goal, however daunting the effort may appear at this time.’ 
Nonetheless, these complexities--particularly the threshold and cumulative 
effects and uncertainties--lend weight to the use of target and critical load 
based approaches supported here. 


The idealized economic theory of intersecting marginal cost curves, 
discussed earlier, generally rests on a severe lack of relevant information 
when applied to environmental policy decisions. Neither the emissions 
reduction supply curve nor the damage cost curve has been generally 
accurately established by regulators. While, in practice, it is possible to 
construct the "control cost" curve with sufficient study, the "damage cost" 
curve will more likely be a cloud of points at best, reflecting the inherent 
complexities, uncertainties, and variety of valuation perspectives that are 
entailed in such estimates.’ 


When reckoned against the full complexity of economic/ecological 
interactions and social life, within which markets may operate, chasing the 
| chimera of "actual damage values" derived from a schedule of consumer 
preferences is a poignant instance of the fallacy of misplaced concreteness. 
Indeed, for certain environmental resources, and for the de 
eper and more complex interactions between ecological and economic 
processes, such valuation may be inappropriate. The validity of the 
economic paradigm embodied in the abstraction of markets and allocative 
efficiency is circumscribed by ethical and political considerations regarding 
the roles of individuals in society, and by the depth and complexity of 
economic and ecological interactions. 


3 


The new journal Ecological Economics (Costanza, 1989-1994) and the work of Herman Daly (1990) are at the center of such 
efforts. 


4 


Kenneth Arrow notes that " ... in assessing methods such as the CVM [contingent valuation method], the demand curve 
should not be considered as some kind of ’reality’ to which we should hope to aspire." (Cummings et 
al. 1986, p. 181) 
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Beyond the Economic Paradigm 
Consumers and Citizens 


The role of individuals in microeconomics is a typically represented by very 
abstract simplifications of the complex biological and social beings that we 
are. Homo economicus is a species of utility-maximizing individuals, 
deciding how to allocate limited disposable income to various combinations 
of commodities. This model emphasizes people acting as individuals and 
consumers. 


We are also members of a society and inhabitants of ecosystems. As social 
beings, we participate in decisions on society’s goals and values. As part of 
the fabric of life on the planet, we have an interest in maintaining and 
enhancing the quality of the environment, and protecting it for future 
generations. 


Contingent valuation attempts to determine the value of environmental 
resources, by posing questions to individuals regarding their willingness to 
pay for different levels of environmental quality. It emphasizes the 
individual as a consumer allocating his or her income, and treats the 
elements of environmental quality as commodities whose proper prices are 
appropriately determined by consumers’ preferences. This approach is not a 
substitute for a public discourse on society’s values and goals, which have a 
different status in a polity from individual preferences. Consumers’ choices 
of household or recreational items should not be afforded the same status, 
theoretically or in practice, as society’s (and its citizens’) adherence to basic 
values such as freedom of speech or equal protection under the law, 
however these may be expressed in specific policies and legislation. 


Individuals acting as citizens in such a broader political process express 
very different "values" than they do when acting as consumers.’ 

For example, individuals may make decisions as consumers that imply a 
time value of money of as much as 20 percent (e.g., credit card purchases),, 
while the same individuals may support government policies that imply 
discount rates closer to 2 percent. Recent proposals for "green pricing" of 
electricity are an interesting example. This pricing approach would offer 
consumers an option to purchase "clean" power, generated by renewable 
resources, at a higher price. The logic of charging a premium price for a 


5 


A system based on targets rather than externalities may also open the door for lay people to participate in environmental 
decisionmaking in a more effective and meaningful way. The average citizen has an important 
contribution to make in deciding what a "sustainable" environment means and in deciding what type of 
environment we want to leave for future generations. 
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premium product is attractive, as is the emphasis upon "individual freedom 
to choose." However, in recognizing the individual as a consumer, this 
approach fails to recognize the individual as a citizen in society. It would 
be perfectly reasonable to decline "clean electricity" when offered a small 
portion as an individual consumer, but to welcome a more costly approach 
in which all consumers of electricity participate in the "subsidization" of 
clean sources of electric power. 


Just as other expressions of society’s values have evolved to reflect broad 
social concerns (e.g., economic/social security, civil rights, protection of 
labor), so too should protection of human health, recognition of the deeper 
relationships between economic and ecological processes, consideration of 
the ethical issues embodied in bequeathing sufficient natural as well as 
man-made "resources" to subsequent generations, and the ethical and 
aesthetic considerations in striving for more benign interactions with extra- 
human nature. 


Society’s goals and values regarding the environment may be expressed in 
myriad forms, including pollution taxes, emission constraints, command and 
control regulation, wilderness setasides, bans on certain materials and 
pollutants, legal structures, government investments and programs, 
education, and new institutional arrangements. Discussions about these 
policies may itself imply a certain "willingness to pay," but this would be 
one constructed quite apart from markets and simulated markets. 


The "tragedy of the commons" is the archetypal example of the existence of 
an externality, wherein individuals maximizing their own utility cause a 
suboptimal or disastrous outcome for society. In this situation, the 
"invisible hand" of the market fails to produce an acceptable result. 


Society, then, must look for remedies. An economic incentive system (e.g., 
a tax) may be used to optimize the use of the resource, perhaps based on 
an ecological constraint (e.g., grazing not to exceed the rate at which grass 
can survive and reproduce effectively). Other "commons" may simply be 
set aside to be bequeathed to future generations. The conventional view of 
such regulation appears to be that it is generally undesirable, to be 
implemented and tolerated to the extent that corrections to the market 
system may be required. One might also look at examples of protection of 
ecosystems and natural endowments as the best of human behavior. The 
successful cooperation of individuals, whether voluntary or self-imposed 
through law and regulation, should be examined, acknowledged, and 
celebrated as a "glory of the commons." In sum, we need to shift our focus 
from individuals as consumers to individuals as citizens. 
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Economy and Ecology 


The separation of economy from ecology in both theory and the principles 
governing economic life, is a radical abstraction, historically useful but 
intrinsically flawed.° From the vantage point of that abstraction, and the 
associated abstractions of the sovereign consumers acting individually 
through markets, environmental impacts can be viewed as externalities, 
perturbations or marginal effects around the edges of a system of 
relationships that is to a first order independent of those interactions; the 
basic system need only be adjusted to account for these effects, which are 
not yet fully represented in its markets through appropriate prices. This 
perspective, and the institutions built around it, may no longer be tenable 
in its current form, however resonant with various human goals and values 
it has been in the past. While in the past the amount of food harvested 
from the land and water bodies was limited by available tools, today it is 
increasingly limited by the amount and condition of the resources 
themselves. 


For the most part, the scale of human economic activity has been 
constrained by the character of sociopolitical organization and the level of 
technological development. To be sure, local depletion and degradation of 
the environment can occur, and has occurred, at levels of population and 
production far below today’s, and in those contexts, new social forms and 
technologies have often provided the basis for avoiding or superseding such 
crises. Today, however, the scale and range of human activity, and the role 
of technology, are more problematical. The condition of the biosphere 
continues to affect the opportunities for human activity generally and for 
economic development in particular. But the condition of the biosphere 
has in turn been affected by such activity, which today has reached a 
magnitude that threatens further development at local, regional, national, 
and global levels. 


Herman Daly (1991) schematically diagrams the sets of 
economic/ecological relationships in a matrix linking the human and 
nonhuman domains of the biosphere, noting that each of the pairs -- 
conventional economics (human to human interactions), ecology 
(interactions within nonhuman nature), environmental economics (human to 
nonhuman interactions), and resource economics (nonhuman to human 
interactions) -- is by itself inadequate to the full task of representing the 


See, for example Daly and Cobb (1989), Costanza (1989), Georgescu-Roegen (1971). 
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complexity of the relationships.’ The emerging field of "ecological economics" thus begins by 
taking the entire matrix as its domain, while recognizing that the second law of thermodynamics and the available 
throughput of solar energy circumscribe these processes, as matters of physical law and physical phenomena.® 


Thus, while it respects and makes use of the separate contributions of these four 
‘discourses, it seeks to be more than their simple summation. 
Correspondingly, its reflections upon the social and institutional practices 
appropriate to these conditions, also take as their point of departure, if not 
arrival, the techniques--market and others--that prevail in current practice 
or consideration. 


The purposes to which our economic activity and productive capabilities 
have been put--the creation of social wealth--can be undermined by that 
activity itself. Not only are the resources and means for producing 
commodities for human consumption being called into question as the 
twenty-first century looms, but some of the ends as well. The spatial 
configuration of society, the relationship of built environments to their 
natural surroundings, the organization of production, the fabrication of new 
substances, the forms of agriculture, water use, etc., will need to be 
reexamined from the perspective of ecological principles and the 
relationship between economics and ecology. Since so many of the world’s 
peoples do not enjoy the living standards brought by industrialization and 
resource exploitation to so few, important questions regarding equity, 
political stability, and the preservation of democracy are posed by the link 
between economy and ecology. 


In sum, new forms of economic theory, and new institutions, may be 
required to adequately reflect the realities of economic/ecological 
interactions. These would provide the bases for formulation and execution 
of policies and practices designed to help realize the various individual and 
social objectives--environmental sustainability, social and individual wealth 
and well-being, political freedom, justice--that might otherwise conflict with 
one another. 


Monetization, Discounting, and Intergenerational Equity 


"Frank Ramsey, for instance, argued that it was ethically 
indefensible for society to discount future utilities. 
Individuals might do so, either because they lack 
imagination...or because they are all too conscious that life is 


See figure 1 of Costanza in this volume. 


See, for example, Odum (1983) and Odum (1989). 
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short. In social decision-making, however, there is no excuse 
for treating generations unequally, and the time-horizon is, or 
should be, very long. In solemn conclave assembled, so to 
speak, we ought to act as if the social rate of time preference 
were zero..." (Robert Solow, 1974). 


Resource allocation decisions often involve tradeoffs over time. In certain 
cases (e.g., nuclear waste and global warming), the impacts of our decisions 
can span centuries. Today’s CO, emissions will likely contribute to climate 
change for decades, while some of the ecological, economic and 
demographic impacts of global warming may occur over centuries. The 
usual tool in cost-benefit analysis for combining economic effects spread 
over time into a single measure of total cost is the "discount rate." 


Ordinarily, discount rates are used to express time preference, reflecting 
willingness to forgo certain consumption now by investing to achieve 
expected consumption later, and the associated risk of that investment 
decision. Whether undertaken by the individual, the firm, or society, 
resource allocation must take this into account, because the costs and 
benefits of different resource strategies will have different temporal 
patterns. Discounting costs enables the comparison between costs that 
occur now and costs that occur in the future by establishing an indifference 
factor (or equivalence) between consuming/paying now or 
paying/consuming in the future.’ Ideally, by establishing this indifference 
factor, economically efficient resource allocation over time can be ensured. 


There are many important considerations in the determination of a 
discount rate for any particular analysis (see, for example, Lind et al. 1982), 
and some analysts have questioned the compatibility of discounting and the 
maintenance of ecological sustainability (Howarth, 1991a; Howarth, 1991b; 
Norgaard and Howarth, 1992; Bernow and Marron, 1991; and Bernow et 
al. 1992). 


It is interesting to consider that within a context where only economic 
losses are considered, and with a discount rate that is higher than the rate 
of economic growth, the entire value of the planet (i.e., the world’s 
economy) after any particular point is finite, since the annual discounted 
contribution can rapidly approach zero. Thus, within this economic 
framework, if one were faced with the policy decision between: 1) 
spending a small annual percentage of GNP in the near term in order to 
avoid major economic collapse a century or more from now, or 2) not 


9 


Every consumer may have a different discount rate, expressing a different willingness to trade future expenditures and goods 
for current expenditures and goods. 
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investing the money and suffering the long-term economic loss, one would 
be compelled to select the latter. This result is, prima facie, unacceptable. 
The limitations of discounting over very long time periods becomes even 
more problematic when human and ecological consequences are 
considered. 


While the authors have routinely applied real discount rates in energy 
resource cost-benefit analyses and planning studies, we believe that the use 
of discounting applies best to relatively near-term cash flow analysis and 
"marginal" impacts. It may be inappropriate to apply real discount rates to 
impacts of the time, magnitude, and geographic scales involved in global 
warming. Nonlinearities in the environmental damage functions, including 
possible threshold effects in the economy/ecology interactions, also raise 
problems for the discounting approach, for local and regional as well as 
global environments. 


Fairness between generations is determined by comparing the welfare of 
each generation. The value of each generation’s welfare is relative to its 
own time period; that is, a comparison is made between the value a person 
today places on her situation now and the value a person SO years from 
now places on his situation then. It is not the value a person today has for 
the situation fifty years from now. Yet that is what is reflected in 
conventional discounting from today’s perspective. For that reason, 
discounting is not sufficient, nor are variations in discount rates 
appropriate, to ensure that the intergenerational equity is reflected in 
resource allocation decisions.” 


Indeed, it may be impossible to place an economic value on irreversible 
changes in certain environmental resources. Conventional economic 
analysis and discounting assume a reasonable degree of continuity in 
underlying conditions. The loss of a species, the elimination of a unique 
habitat, or the potential global and regional impacts of climate change, are 
discontinuous changes in the environment, whether local or global, that are 
irrevocable. As Cline indicates with a quote from Mishan, we cannot know 
the value that future generations will place on their environmental 
resources: Whenever intergenerational comparisons are involved ... it is as 
well to recognize that there is no satisfactory way of determining social 
worth at different points in time” (Cline, 1992, p. 239).Discount rate 
analysis lies strictly in the realm of economic efficiency. The use of a 
positive discount rate does not necessarily result in resource allocations 
that are equitable to future generations. Instead, the issues of equity must 
be decided separately from those of efficiency. Society today must consider 


See, for example, Dodds and Lesser (1992, p. 112) and Howarth (1991). 
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the legacy of its resource decisions. To the extent that the resource 
allocation decisions made today include the possibility of irreversible 
changes in the environment now or in the future, society must decide 
whether such change is justifiable. When such change occurs, future 
generations will not have the option of recovering the resource in exchange 
for some measure of their own consumption. As Lind observes, the tools 
of economic efficiency inform the debate, but "other rules or judgement 
must be evoked in deciding whether to incur the risks for the future by 
creating and storing nuclear waste or by not investing heavily in energy 
R&D" (Lind, 1986, p. 457). 


Sustainability Targets 


While discounting aims to ensure efficiency in resource allocation over 
time, the use of discounting for long time frames, over which large and 
irreversible impacts are possible, is problematic. Economic efficiency is 
not the only societal goal, and the objectives of environmental sustainability 
and intergenerational equity are distinct from that of economic 

efficiency." To sustain its existence, society must take steps to guarantee 
that the welfare of its future generations is not compromised by the short- 
term decisions of its current generations. Intergenerational equity requires 
that we bequeath sufficient human-made and natural resources so that 
future generations are at least as well off as current generations. 


This is at the center of the emerging concept of sustainable development. 
In its weaker sense sustainable development would require that a 
combination of environmental and productive conditions be maintained at 
some level or exceeded; in its stronger sense, this would require that 
environmental conditions and the conditions of production are separately 
sustained at or above minimum acceptable levels. Moreover, either of 
these two senses of sustainability could be further strengthened by applying 
it to local as well as more global ecological and economic systems. Finally, 
while sustainable development from the standpoint of productive and 
ecological conditions is distinct from issues of social equity and political 
enfranchisement, they interact in complex ways. The preservation and 
innovative expansion of democratic institutions, and a more equitable 
distribution of work and wealth, may be necessary concomitants of 
economic and ecological sustainability. 


1 


1 


To a first order, so too is intragenerational equity, whether among groups within nations or among nations. If efficiency is 


defined as Pareto optimality, then certain solutions are precluded that might increase overall welfare. 
Improved social and economic equity could enhance the prospects for economic efficiency as well as 


long-term sustainability. We do not address these issues further here. 
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Society may decide that certain decisions are unacceptable owing to the 
consequences that affect future generations, regardless of the values that 
economic analysis might place on them. Nordhaus (1991a, p. 55) 
acknowledges the limitations of cost-benefit analysis in such policy 
decisions: 


Cost-benefit analyses are a useful starting point for 
considering government policies, but they raise several issues 
that must be addressed before making policy 
recommendations. To begin with, many values cannot be 
incorporated in a quantitative cost-benefit analysis. For 
example, climate change may threaten a society’s cultural 
heritage in ways that are not possible to evaluate in an 
economic framework but which are nonetheless unacceptable. 
While being unable to put a price tag on Venice, we might 
decide that it is unacceptable to take actions that threaten 
Venice’s existence. There is not much economic science can 
say about this issue except to identify such trade-offs. 


Certain environmental resources would thus not be assigned monetary 
values within a market-like context for use in a conventional economic 
analysis. While most of our argument thus far has focused on long term 
and/or global impacts, the same considerations could also apply to 
environmental resources that are more local either spatially or temporally. 
Instead of assigning monetary values to such "resources" as Venice, the 
James Bay ecosystem, the Baltic Sea, or particular forest and watershed 
ecosystems, and adjusting discount rates and costs in an effort to address 
intergenerational equity in an efficiency analysis, the alternative is to 
establish constraints or targets based on sustainability considerations and to 
proceed with the efficiency analysis of resource allocation within those 
boundaries. 


Targets could be based on aggregate loadings of particular pollutants in 
particular ecological contexts (e.g., total greenhouse gases on a global scale 
consistent with climate stabilization) or they could be based on deposition 
limits that take account of the impacted ecosystems and their carrying or 
buffering capacities. The environmental targets approach entails variants 
such as sustainability indicators (Kuik and Verbruggen, 1991), safe 
minimum standards (Batie and Shugart, 1989), and critical loads (Chadwick 
and Kuylenstierna, 1990) 


Figure 3 shows how a sustainability target approach to environmental 
policy might be presented in the graphical form used earlier to present the 
microeconomic approach. Here, the fictional marginal damage cost curve 
has been eliminated; a target pollution level, q*, is determined based upon 
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physical or ecological considerations; and a marginal cost of pollution 
reduction is implied by the target and the abatement cost curve. 


Pursuing intergenerational equity may strictly prohibit certain resource 
decisions, or require additional investments to minimize the risk of future 
impacts if certain decisions are allowed. Policies establishing targets could 
rely upon the use of market instruments such as taxes or tradable permits, 
as long as those instruments are effective at achieving the identified goals. 


The costs that are incurred by the instruments used to achieve a particular 
set of goals can then be examined and used to inform the debate of 
whether society should continue to pursue those goals given their costs, or 
to identify alternative instruments that are more cost-effective. The proper 
means of combining economic and ecological sustainability considerations 
is to have a societal discourse, on its values and goals, on the uses and risks 
to which it subjects human and environmental "resources", and on its 
willingness to pay to preserve certain resources for future generations. 
Environmental and health risk, ecological sustainability, economic cost, and 
social equity have important places in such a discourse. 
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Figure 3 
Environmental Target Approach 
to Pollution Reduction 
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An Example: Acid Precipitation Policy in Europe 


One example of the environmental standard or target approach is an 
analysis of continent-wide acid deposition abatement strategies for Europe 
that has been undertaken by the Stockholm Environment Institute Center 
at York in the United Kingdom (Chadwick and Kuylensterna, 1990).” 


Here the concept of "critical load" is used for establishing environmental 
targets based on local area characteristics. Critical loads are the maximum 
deposition of a pollutant that will not cause significant adverse effects on 
particular ecosystems. Taking account of emissions, transport, deposition, 
and area-specific responses and sensitivities to acid gas depositions, 
modeling exercises are being carried out to determine cost-effective 
abatement strategies for Europe. The transport modeling is performed at 
the level of 150 square kilometer grid sizes, while area sensitivities and 
critical loads were built up from information at a much finer grid size. 


The abatement strategy analysis involves finding the least cost mix of 
options affecting the emitters of acid gases that will satisfy the critical load 
targets or, alternatively, the minimum overall impact based on relative 
sensitivities of receptor areas for a given level of expenditures. These 
techniques can be used to explore the use of environmental standards as a 
means to effect acid gas abatement. They could also be used to inform 
other policy instruments such as tax-based systems. 


The Boston Center of SEI at Tellus is participating in the modeling efforts on this project. 
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Figure 4 
Relative Sensitivity to Acidic Depositions 
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Relative sensitivity to acidic depositions (Class 5 - most sensitive; 
Class 1 - least sensitive). 


Figure 4 provides the map of relative sensitivity to acidic depositions, based 
on factors including rock type, soil type, land use, and rainfall, used in the 
Stockholm Environment Institute’s CASM model for determining emission 
abatement strategies to meet critical load-based spatial distributions of 
depositions.” Similar maps could show critical loads, targets, and 
depositions. 


In March 1993, under the auspices of the United Nations Economic 
Commission for Europe (ECE), negotiations began for a new "sulfur 
protocol" to reduce emissions of sulfur dioxide from power plants and 
industrial boilers, to meet targets based on critical loads of acid rain. The 
precise allocations to nations of the reductions needed to meet the targets, 
and the mechanisms for implementation, are yet to be negotiated (New 
Scientist, 1993). 


An Example: Greenhouse Warming Policy in the UnitedStates 


The global warming problem is largely a matter of addressing large and 
uncertain impacts, with incomplete knowledge. In such a context, 
developing policies to respond to the threat involves a decision that is 
analogous to deciding whether or not to purchase insurance. That is, is it 
worthwhile to spend a relatively well defined sum in the near-term in order 
to avoid possible large damages (possibly with unknown probabilities of 
occurring) in the longterm? A deterministic cost-benefit analysis that 
reflects the environmental consequences of climate change in solely 
economic terms is not a sound basis for climate change policy. 


Nordhaus (1991b, p. 930) is quite candid about the uncertainties in such a 
cost-benefit analysis: 


We now move from the terra infirma of climate change to the 
terra incognita of the social and economic impacts of climate 
change. Studies of the impacts of climate change are in their 
infancy, and at this stage we can only hope to obtain an 
order-of-magnitude estimate of the impact of greenhouse 
warming upon the global economy. 


Later in the same paper (p. 932), Nordhaus points out that: 
A wide variety of non-marketed goods and services escape 


the net of the national income accounts and might affect the 
calculations. Among the areas of importance are human 


The figure is reproduced from (SEI 1991, p. 12). 
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health, biological diversity, amenity values of everyday life 
and leisure, and environmental quality. 


Of course, under conditions of uncertainty and incomplete knowledge we 
might be tempted to wait for the global experiment to unfold. Even if the 
likelihood of significant climate change from existing and projected future 
carbon dioxide concentrations were small, staking the future of the planet 
and its peoples on a role of the dice would be unwise social policy. 


The observations of Nordhaus quoted earlier, about the limits of cost- 
benefit analysis and the appropriate role of economics, suggest that for 
global warming, as for the case of Venice given by Nordhaus in this 
discussion, the appropriate role for economic analysis is limited to the 
emission reduction side of the problem, and that the damage side might 
best be left for scientists, politicians, and the public acting through political 
processes. 


Economic analysis may be informative in estimating the costs of achieving 
specified reductions in carbon emissions. It may also have a role in 
developing the least-cost combinations of measures to achieve specified 
reductions. Economic analysis in its current state of development may 
simply fail, however, at any attempt to determine an "optimal" level of CO, 
emissions. Whether this deficiency can be overcome, or whether it is an 
inherent limitation in the applicability of economic methods, is a question 
that is beyond the scope of this paper. 


Nevertheless, global warming policies must be evaluated and implemented. 
An approach that avoids the most problematic aspects of the cost-benefit 
approach is the setting of targets based upon long-term sustainability 
criteria. For example, the Stockholm Environment Institute has proposed 
that "an absolute temperature limit of 2.0 degrees C can be viewed as an 
upper limit beyond which the risks of grave damage to ecosystems, and of 
non-linear responses, are expected to increase rapidly" (SEI, 1990). 


Some believe that in order to achieve climate stabilization there would 
need to be a reduction in emissions of greenhouse gases of about 40 
percent by the year 2010, and 70 percent by 2030, relative to today’s levels, 
and seek to analyze and promote economical solutions to these 
environmental targets (UCS, 1991; National Academy of Sciences, 1991). 


If "targets" are set at these levels, then taxes, planning methods (e.g., 
externality adders), tradable permit systems, equipment efficiency 
standards, and other policies can be developed in order to achieve the 
targets. In the case of economic instruments (e.g., a carbon tax) the level of 
the tax would not be based upon an estimate of the "marginal global 
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warming damages from carbon dioxide emissions." Rather, it would be an 
instrument to achieve stabilization, with its magnitude based upon an 
estimate of the level of tax required in order that the goal be realized. 
With this approach, one might expect periodic adjustment of the tax 
depending on the progress toward the goal and on the development of 
technologies to reduce carbon emissions. 


Policy Basis and Policy Instrument 


It is important to distinguish between the policy basis and the policy 
instrument for internalizing externalities. The levels at which taxes or 
targets are set can be established on different bases. Within the economic 
paradigm, damages are valued and the tax (or target) is set at the point at 
which marginal costs of pollution reduction equals marginal damages, 
based on consumer preferences, in order to achieve economic efficiency. 
Within a sustainability paradigm, physical constraints are set to ensure that 
critical loads are not exceeded (e.g., carbon dioxide limits for climate 
stabilization), or targets are set for restoration of degraded environmental 
conditions. 


As a policy basis, targets and monetary values can be seen to be 
theoretically equivalent within the economic paradigm. That is, if one 
believes that acceptable damage and cost curves can be established (as 
shown in figure 2 earlier), the optimal level of pollution occurs where the 
marginal cost and marginal damage curves intersect: there, the 
appropriate pollution target is directly related to the optimum value 
(willingness to pay) at the intersection of the two curves. As policy 
instruments, the Pigouvian tax set at p* and the quantity constraint set at 
q* are theoretically equivalent if the quantity constraint is associated with a 
permit auction/trading system. 


Whether or not one is wedded to an economic paradigm that radically 
abstracts from social reality and reduces myriad societal (and 
environmental) processes to matters of efficient resource allocation derived 
from individual consumer preferences, it is important not to conflate the 
instrument with the basis. Instruments should not become the masters of 
our theoretical and policy reflections. Elevating an instrument to a matter 
of high principle is an instrumentalism that constricts and distorts the 
processes of theoretical, policy, and institutional response to the 
complexities and issues raised by the economy-environment nexus. 


However, notwithstanding such theoretical and analytical equivalence 
between the tax and target instruments, there may be differences in 
practice owing to technological, institutional, economic and behavioral 
factors. Perhaps the most important practical difference is associated with 
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the policy response to uncertainty. If the pollution damages are potentially 
very high and irreversible, and if there appears be a threshold beyond 
which these damages grow precipitously, policymakers may wish to adopt a 
cap at a safe minimum standard to ensure that a disastrous, albeit 
uncertain, outcome is avoided. The risk that would be taken instead is of 
unexpectedly high costs to meet the standard. The pollution tax alternative, 
perhaps better suited to conditions of greater certainty and smoothness of 
the physical relationships, would ensure the cost but not the environmental 
outcome. 


But environmental goals and pollution targets can be set outside the 
economic paradigm and embodied in policies that override and constrain 
economic activity. Here the policy basis is sustainability, with targets, 
critical loads, or safe minimum standards established, based on scientific 
and policy discourse, and not a damage cost curve based on consumer 
preferences, as represented in figure 3. To be sure, the potential costs and 
economic impacts of implementing such targets would be of interest to 
policymakers, but the point of departure is the sustainability target. The 
instrument to implement such policy could be either taxes or targets with 
tradable permits, to ensure economically efficient realization. However, 
since institutional and behavioral responses to taxes may not ensure that 
the target is reached, it might be necessary to modify the tax level 
periodically. For this reason, and the arguments earlier regarding the 
policy response to uncertain and highly risky physical outcomes, targets 
(with trading) may be preferred for some environmental goals. 


Conclusions 


None of the foregoing arguments regarding sustainability targets should be 
taken as a complete dismissal of attempts to quantify damages and 
monetize damage costs. Indeed, research in these areas is quite important. 
However, the policy process should not get bogged down in complex 
damage cost estimation. As we noted above, the development of such 
estimates, while worthwhile, is difficult, controversial and inadequate for 
dealing with sustainability and intergenerational equity. For that reason, 
the use of externality costing for policymaking will remain problematical, 
and we would be wise to provide other bases for realizing our 
environmental goals. 


By applying a sustainability target or safe minimum standards perspective 
on environmental quality to resource planning, we provide such an 
alternative or complementary basis by rearranging the basic structure of 
the problem. Rather than having to justify environmental protection based 
on elusive cost-benefit analyses involving the monetization of 
environmental conditions, we can use the planning process to identify least- 
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cost plans that meet environmental quality standards, especially those 
associated with sustainability. This process--which would entail exploration 
of the full range of technologies, techniques and options to meet 
environmental targets--can be complemented by examination of the 
environmental damages associated with those targets, by the costs to 
society and its citizens of achieving those targets, and as desired, by 
valuation of those damages that can be directly monetized. 


A degree of methodological pluralism may be valuable in the coming 
period. Ascribing monetary values to pollution or environmental impacts 
can be an instrument for reaching targets. Conversely, the setting of 
targets can provide a basis for assigning values, as society’s willingness to 
pay is established through political and institutional processes. Both can be 
used to develop pollution taxes or a permit system, along with other-- 
economic, administrative, legal and institutional--mechanisms. The goals 
of environmental protection and sustainable resource development remain 
the same. 
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